The purpose of this case study was to examine the changes before and after improvements of the subjective sleep status of Mr. A in his 40s diagnosed with pre-diabetes and a sleep disorder. Data were collected using a Holter monitor for 24 hours a day for 3 days to assess autonomic nervous activity by recording bed-time and waking time activity (activity counts: ACs). Mr. A kept a diary of activities and com-pleted the Pittsburgh Sleep Quality Index (PSQI) questionnaire. The study revealed that subjec-tive sleeping hours correlated almost precisely with those measured by the actigraph and as described in the diary. Both the parasympathetic and sympathetic nervous system activities were imbalanced. However, no correlation was observed between the ACs and autonomic nervous activity. According to the PSQI, subjective sleep state score improved remarkably by dietary and exercise therapy from 13 to 3 points, and after six months, with corresponding high level turned to sleep satisfaction level. Significant correlations were observed between ACs and highfrequency spectral power of R-R intervals, and between ACs and the low-frequency/high frequency ratio of spectral power of R-R intervals. Although Mr. A's sleep satisfaction level has improved, the autonomic nervous system activity remained different from that of healthy people.
INTRODUCTION
The autonomic nervous system involves double innervation comprised of both the sympathetic and parasympathetic nervous systems. These nervous systems balance each other and maintain a constant condition such that daytime, nighttime, and sleeping state activities can switch naturally [1, 2] . Autonomic nervous system activity can be evaluated in various ways [1, 3] such as heart rate variability (HRV) which can be non-invasively determined and used, especially to determine the balance between parasympathetic and sympathetic nervous system activities [4] . Actigraphy is a non-invasive watchshaped monitor that can be used to assess the balance between hours of activity/sleep and the conditions of sleep disturbance [5] . Although one study has analyzed actigraph findings and HRV [6] , little is known about the correlation between actigraph findings and HRV.
The morbidity rates of individuals with either diabetes or hypertension and sleep disturbance are high [7] , and sleep disturbances notably increase blood glucose levels and blood pressure [8] . Furthermore, a lack of sleep causes a decrease in glucose tolerance and an increase in appetite [9] , and also increases the risk of various life-style related diseases [10, 11] .
Decreased HRV in diabetic patients has been confirmed in studies. HRV apparently decreases before diabetic autonomic neuropathy appears clinically, and it further decreases if autonomic neuropathy is confirmed; thus, HRV is considered the most accurate indicator of this condition [12, 13] . Long or short sleep durations are risk factors for diabetes [14, 15] , and a decrease in the quality of sleep may exacerbate blood sugar control [16] . Therefore, evaluating blood glucose levels as well as disturbance, duration, and quality of sleep is important for improving early detection of diabetic autonomic neuropathy.
This case study was aimed to explore the changes before and after improvement in the subjective sleep state in a man with pre-diabetes and a sleep disorder by analyzing the association between activity counts (ACs) on actigraphs and autonomic nervous activity.
METHODS

Definition of Technical Terms
1) Low Frequency (LF):
The LF component (0.04 -0.15 Hz) was extracted with power spectrum density and reflects the variable of the electrocardiographic R-R interval, which is affected by activities of the sympathetic and parasympathetic nervous systems.
2) High Frequency (HF): The high frequency component (0.15 -0.50 Hz) was extracted as above and serves as an indicator of parasympathetic nervous system activity.
3) LF/HF ratio: The LF/HF ratio is an indicator of sympathetic nervous system activity. 4) ACs on actigraphs: ACs on actigraphs indicate the amount of activity exceeding 0.01 G/min during an epoch of 1 min measured by actigraphy. G is gravitational acceleration (9.8 m/sec 2 ). 5) Up and down intervals on actigraphs: These are periods during which the patient wears actigraphs and are divided into "up" (daytime activity) intervals, defined as the period of time patient reported being out of bed, and "down" (sleep) intervals, defined as the period during which patient was in bed.
Measurement Methods
1) Holter electrocardiography:
The patient also wore a Holter electrocardiograph for a period of 24 hours.
2) Actigraph: A micro mini-type actigraph (Ambulatory Monitoring, Inc. Ardsley, NY, USA) was attached on his non-dominant arm for 3 days starting from 18:00 on the first day.
3) Diary: Mr. A kept a daily log of the time he awoke in the morning and went to bed, as well as descriptions of meals, work, and exercise for 3 consecutive days.
4) Pittsburgh Sleep Quality Index (PSQI): The patient completed the Japanese version of the PSQI (PSQI-J) [17] on the final day of the study. The PSQI-J comprises 18 items and 7 factors in total and a scale from 1 to 5 that gathers information about the quality of sleep and sleeping habits over the previous month.
Methods of Analysis
1) The data obtained from the actigraph were analyzed using AW2 software (Ambulatory Monitoring Inc., Ardsley, NY, USA). Sleep duration (Dur), wake time in bed (Wmin), sleep time in bed (Smin), percentage of sleep (Pslp) and sleep efficiency (Seff) were measured using the actigraph records from July 20XX (without sleeping medication and with sleeping medication) and December 20XX (after improvement in sleep disturbance).
2) Time series data of interbeat (RR) intervals were formalized from an FM180 electrocardiograph (Fukuda Denshi Co. Ltd., Tokyo, Japan) using Holter software (Fukuda Denshi Co. Ltd.), and the HRV was analyzed using Mem Calc/CHIRAM (GMS Co., Tokyo, Japan).
3) The sleep condition was assessed using both the actigraph and the HRV analyzer during the post-measurement interview with the patient. The HRV data and ACs produced over 5-min intervals were matched.
4) The analyzed actigraph data by AW2 software at three measurement points: July 20XX, without sleeping medication and with sleeping medication, and December 20XX; after improvement in sleep disturbance, are exhibited in Table 1 .
5) Correlations between ACs and parasympathetic/ sympathetic nervous system activities were analyzed using Pearson's product-moment correlation coefficient. 6) Differences between average values of parasympathetic nervous system activity during the daytime and while asleep, and between average values of sympathetic nervous system activity in the daytime and while asleep were analyzed using an unpaired t-test.
Data Collection and Description of the Participant
Using Actigraphy and the HRV Analyzer, data were measured a total of three times, i.e. twice (with and without a sedative drug) in July 20XX; and one time in December 20XX after improvement in the subject's sleep disorder.
A married male patient in his 40s (Mr. A) with pre-diabetes who was diagnosed with a sleep disturbance was the subject of the study. Mr. A presented in July 20XX. He was 167 cm tall and weighed 65 kg, with a body mass index (BMI) of 23.3 kg/m 2 . He had an HbA1c level (Japan Diabetes Society) of 5.9%, showed symptoms of a sleep disorder (PSQI-J score of 13 points), and was taking a hypnotic before bed (brotizolam: lendormin D tablets 0.25 mg). Exercise and diet therapy resulted in improvement in the sleep disturbance in September, 20XX, and he no longer needed to take the sleeping medication. As of December 20XX, he weighed 69 kg, with a BMI of 24.7 kg/m 2 . He had an HbA1c level of 6.0%, and he slept well without taking any sleeping medication (PSQI-J score of 3 points).
Ethical Considerations
The data were managed according to the Private Information Protection Law, with approval by the Tokushima University Hospital Ethics Board (Approval number 1558) and the cooperation of the hospital staff. A member of the interdisciplinary team obtained written informed consent from Mr. A and his family after he received an explanation of the study. He was assured that his personal information would be protected, and used only for research purposes. Table 1 shows the Dur of 390 min, as determined by the actigraph in July 20XX. The Wmin was 3 min, and the Smin was 387 min, indicating a Seff of 99.74%.
RESULTS
As determined by the actigraph on days when no sleeping medication was taken in July 20XX, the Dur was 397 min. The Wmin was 25 min, and the Smin was 372 min, indicating a Seff of 93.70%.
As determined by the actigraph in December 20XX, the Dur was 426 min. The Wmin was 14 min, and the Smin was 412 min, indicating a Seff of 99.03%. Figure 1 shows the results when sleeping medication was used in July 20XX. Subjective sleeping time was consistent with sleeping time as assessed by the actigraph.
The HF increased, although not continuously, starting 90 min after the sleeping medication was taken (11:00 PM) and increased repeatedly every hour, with a peak time lasting less than about 1 hour. The HF decreased 2 hours before waking (4:00 AM). During the day, the level fluctuated, increasing at 10:00 AM and from 4:00 PM to 6:00 PM. No positive correlation was found between actigraph ACs and HF (r = −0.072; NS). The LF/HF began to increase gradually about 3 hours before waking (4:00 AM) and fluctuated mildly during the day. There was no apparent correlation between actigraph ACs and LF/HF (r = −0.148; NS). The LF/HF fluctuated considerably during sleep. From 2:00 to 3:00 AM, the activity count increased, indicating that the patient awoke at night. There was virtually no fluctuation during the day. Virtually no correlation was found between actigraph ACs and LF/HF (r = −0.142; NS). Figure 3 shows the data obtained during the improved subjective sleeping state after improvement in the sleeping disturbance in December 20XX.
A positive correlation was found between actigraph ACs and HF (r = 0.342; p < 0.01). A weak negative correlation was found between actigraph ACs and LF/HF (r = −0.331; p < 0.01).
DISCUSSION
The PSQI is an internationally standardized scale [18] , and the Japanese version (Cronbach α = 0.77) is reliable and appropriate for assessing the lack and subjective quality of sleep [17] . The cut-off for poor-quality sleep is regarded as above 6 points [17, 19] .
Comparison of the score prevailing at the time of the patient's sleep disturbance in July 20XX with that during December 20XX, when the patient experienced improvement in subjective sleep, revealed a decrease in the Pittsburgh sleep score from 13 to 3 points, which represented improvement beyond the cut-off of 6 points and was consistent with the patient's sense that he was sleeping better even without the use of a sleeping aid.
As determined by the actigraph on days when no sleeping medication was taken in July 20XX, the sleep time was 397 min (6.6 hours). The Wmin of 25 min was 23 min longer than when sleeping medication was used, the Smin of 372 min was 5 min shorter than when sleeping medication was used, and the sleeping efficiency of 93.7% was 6.04% lower than when sleeping medication was used. Additionally, in interviews based on the diary of activities, the patient complained of discomfort due to waking up during the night and severe sleepiness during the day. The parasympathetic nervous system also became active from 3:00 AM to 4:00 AM when the patient took sleeping medication, whereas no activation of the parasympathetic nervous system during sleep was observed when no sleeping medication was taken.
The parasympathetic nervous system was also active during the day when the patient had taken no sleeping medication; sleepiness during the daytime was consistent with parasympathetic activation during the daytime (10 AM to 1 PM). Lindholm et al. [20] suggested that ir- regular shift work increased the risk of insufficient recovery when compared to normal daytime work. Attenuated HRV during sleep reflects prolonged sympathetic drive and/or impaired parasympathetic recovery.
Subjective sleep estimates correlated to self-reported daytime consequences such as fatigue and concentration difficulty but not cognitive function. Therefore such people may experience such a daytime symptom as fatigue although cognitive function remains unimpaired [21] . From these results, it could be summarized that the sleeping drug for sleep disorder might be an important reason for the recovery of the parasympathetic activities. Decreased HRV on 24-hour ECG, which is considered a cardiovascular risk, is caused primarily by nocturnal decreases in vagal function and could possibly reflect resting function failure [22] . Also, a respiratory sinus arrhythmia has received much attention in recent years due to the large body of evidence indicating that variations in this phenomenon represent alterations in parasympathetic cardiac control [23] .
Acute psychophysiological stress was associated with decreased levels of parasympathetic modulation during nonrapid eye movement (NREM) and rapid eye movement sleep and increased levels of sympathovagal balance during NREM sleep. Changes in heart rate variability associated with acute stress may represent one pathway to disturbed sleep. Stress-related changes in heart rate variability during sleep may also be important in association with chronic stressors, which are associated with significant morbidity and increased risk for mortality [24] .
Although subjective sleep disorder has improved, the remarkable improvement was not observed in HRV. When balance with the parasympathetic nerve is confused by stimulus of hyperglycemia, stress, etc., it becomes impossible to control the body and mind normally. Therefore, for a further improvement of autonomic nerve activity, not only diabetes but also stress control is considered to be an important point.
As determined by the actigraph in December 20XX, the Dur was 426 min (7.1 hours), which was 22 min longer than when sleeping medication was taken. The wmin of 14 min was 11 min longer than when sleeping medication was used, the smin of 412 min was 25 min longer than when sleeping medication was used, and the sleeping efficiency of 99.03% was 0.71% lower than when sleeping medication was used.
In studies on sleep duration and the risk of developing diabetes [25, 26] , a U-shaped distribution of relative risk was reported for groups with short and long sleep duration versus a 7-hour sleep group. Studies on the relationship between sleep quality and risk of diabetes [13] [14] [15] have also reported a high risk for developing diabetes in groups with a high incidence of trouble falling asleep or waking at night, suggesting that disturbances in sleeping habits may result in a higher risk for developing diabetes.
This case was characterized by short sleep duration despite the use of sleeping medication for sleep disturbance. When no sleeping medication was taken, the patient suffered from poor quality sleep because, in addition to short sleep duration, he also woke up at night and felt sleepy during the day. The short sleep duration also put him at high risk for developing diabetes.
A study on the relationship between HbA1c levels and sleep duration reported that short or long sleep duration is associated with a high proportion of diabetic levels of HbA1c (JDS level) 6.5% [26] . It has been pointed out that sleep and circadian rhythm disorders are found in diabetic patients, and that higher fasting blood glucose levels and HbAlc levels are related to major sleep and circadian rhythm disturbances [27] . Because of the lack of change in HbA1c levels (5.9% to 6.0%) even when this patient experienced subjective improvement in sleep disturbance, exercise and diet therapy will need to be continued in the future for further analysis of the relationship between sleep state and diabetes pathology.
In addition, a review of the results for HRV revealed no significant sympathetic/parasympathetic differences between waking and sleeping while sleep medication was taken in July 20XX. During both waking and sleeping when no sleeping medication was taken in July and in December, autonomous nervous activity was paradoxically predominant during waking and sleeping, with sympathetic activation during sleep and parasympathetic activation during waking. Our research to date has shown that in healthy adults [28] , parasympathetic nervous activity predominates during sleep, whereas the sympathetic nervous system is activated during waking, with a strong correlation between AC and HF as well as between AC and LF/HF. In the present case, when the patient suffered from sleep disturbance, these correlations were weaker. A correlation was found in December, when the man felt there had been improvement in sleep disturbance, but both correlations were weaker. When subjective sleep improves, it may take some time for changes to appear as HRV.
Physical exercise has beneficial physical and mental effects, suggesting the possibility of mental and physical interactions [29] . It may be important to continue to monitor this patient's progress by guiding lifestyle choices, developing appropriate weight management, and regularly scheduling eating and activities.
It will be necessary to study more patients in the future to find out whether these results are limited to this one person or are similar to those in other borderline patients. Despite improvement in subjective sleep disturbance, analysis of HRV showed no significant changes. After appropriate guidance regarding lifestyle choices has been provided and there has been some improvement in HbAlc and BMI, the assessments employed in this study should be done again to study the usefulness of such assessments based on actigraphs and autonomous nervous activity.
CONCLUSION
In this study, the changes before and after improvements of the subjective sleep status of Mr. A in his 40s diagnosed with pre-diabetes and a sleep disorder were examined using the PSQI score subjectively and objectively by using the data from actigraphy/electrocardiography. The subjective sleeping duration data correlated almost precisely with those measured by the actigraph as described in the diary. When subjects had sleep disorders the parasympathetic and sympathetic nervous system activities were imbalanced. The subjective data exhibited by the PSQI score showed that the participant had improved remarkably after six months, and subsequently his sleep satisfaction level became high. Although significant correlations were observed between ACs and HF, and between ACs and LF/HF, the HRV changes were evidently different from that of healthy people.
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